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The present invention relates to silicones useful tn both the personal care and plastics industries. More 
particularly, the present invention relates to an organofiinctional silicone. Most particularly, the present inven- 
tion relates to amino acid functionalized silicones. 

5 BACKGROUND OF THE PRESENT IKVENTION 

Organofunctional silicones are well known in the art The slloxane may be functionalized with sut»stituents 
such as carfooxy, amido, ketoxy, epoxy, vinyl, hydride, mercapto, amino, glycidoxy, methacryloxy and alkoxy 
groups. These organofu notional ities are generally employed to obtain specific physical and chemical proper- 

10 ties. Amfnoalkyl-substituted silicones, for example, increase water solubility and are used in automobile pol- 
ishes to enhance durability and confer detergent resistance through bonding with paint films. Other functio- 
nalized fluids find use in applications such as textile lubricants, softeners and antistats. A variety of amino func- 
tional slloxanes are descrit>ed In the prior art. 

Brumbill, United States Patent No. 4,785.067. teaches a protective coating consisting essentially of a poly- 

18 slloxane copolymer prepared by the reactton of a trimethyl end blocked polyamlne silicone fluid Including amino 
alkyt groups with a saturated aliphatic cari^oxylic acid groups to produce a polysiloxane copolymer including 
alkyi amine groups. 

van Hooijdonk, United States Patent No. 5,028,485, teaches a pressure sensitive adhesive composition 
suitable for skin contact comprising a sllane compound having at least one amino functional group. 
20 Imperante et al., United States Patent No. 5.115,049. teach the preparation of fetty carboxyllc acid salts 

of organofunctional silicone amines, where the amino pendant functionality is present within the polymer and 
which are produced by the neutralization of a silicone amine with a fatty carboxyllc acid. 

It has now been found that novel amino acid functkmalized silicones can be produced, and that such com- 
pounds are useful in a variety of plastto and personal care applications. 

25 

SUMMARY OF THE INVENTION 

According to the present invention there Is provided an organofunctional silicone composition comprising 
those of the formula: (i) TDxM'g; (II) TDxD'yM'g; (ili)TD'yM'3; (h^)TDxDVM3; (v)TD'yM3; (vl) M'DxD'yM'; (vll) M'DxM'; 

30 (vlii) MD'yM; (ix) MDxD'yM; (x) M'D'yM'; (xi) M'Q; (xii) (D\, or (xlli) a combination of any of the foregoing; wherein 
T represents a trifunctional siloxy group of the formula RSi03/2 wherein R represents a saturated or unsaturated 
monovalent hydrocarbon radical; D represents a difunctlonal sDoxy group of the formula R2Si02a wherein each 
R is independently defined as above; D' represents a difunctlonal siloxy group of the formula RRiSi02a wherein 
each R is independently defined as above, R^ is a carboxyalkyl aminoalkyi group of the formula 

35 (H02C)(CH2)mN(R2)(CH2)n where R2 represents hydrogen or an all^l group of from 1 to 10 carbon atoms, and 
m and n each independently vary from 1 to 10; M represents a monofunctional siloxy group of the formula 
RaSiOi/z wherein each R is independently defined as above; M' represents a monofunctional siloxy group of 
the formula R2R^SiOi/2 wherein each R is independently defined as above and Ri is as above defined; Q rep- 
resents a quadrifunctional siloxy group of the formula $104^; x is greater than 1, y is greater than 1 and z Is 

40 equal to or greater than 3. 

Also according to the present invention there is provkied a process for preparing the amino acid functio- 
nalized silicones of the present invention comprising the steps of. (a) hydrosilating a silicone hydride compound 
with a lactam to form an amide functionalized silicone; and (b) hydrolyzing the amide functtonalized silicone 
of step (a) to produce an amino acid functionalized silicone. 

45 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The novel amino acid functionalized silicones of the present invention are generally prepared by hydrosi- 
lating the appropriate linear, branched or cyclic silicone hydride with a lactam and then hydrolyzing the lactam 
60 functionalized silicone to produce the amino acid functionalized silicones of the present invention. 

The silicone hydrides for use in the practice of the present invention are typically those which correspond 
to the product amino acid functtonalized siloxanes, and are generally selected from TDxM'3; TDxD'yM's; 
TD"yM"3; TOxD^yMa; TD^yMa; M"DxD"yM"; M"DxM"; MD"yM; MDxD"yM; M"D"yM"; M"Q; (D'%; or combinations 
of any of the foregoing where M* is a monofunctional siloxy hydride of the formula (R)2(H)SiOt/2; D Is a difunc- 
55 tional siloxy hydride of the formula (R)(H)Si02/2 and T. D. M, Q. R, x. y, and z are as defined hereinabove. The 
siloxy hydrides are available commercially and can be prepared by methods known to those skOted in the art 

The lactams useful in the present invention for the hydrosDation reaction are generally of the formula 
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CH,(CH,)^CNR* 



wherein is an alkenyl group of from 2 to at>out 10 carbon atoms and q is an integer ranging from 1 to about 
10. A preferred lactam for use in the practice of the present invention is n-vinyi pyrrolidone, wherein is vinyi, 
and q is 2 in the above formula. 

10 The iactam is generaily reacted with the appropriate silicone hydride by hydrosilation techniques well 

known to those of ordinary skill in the art In general the hydrosilation reaction proceeds in the presence of a 
Group Vlil precious metal complex, i.e. platinum, rhodium and/or ruthenium complexes. Such catalyst com- 
plexes are well described in the patent literature, e.g., Karetedt, United States Patent No. 3,775.452; Ashby et 
al.. United States patent No. 4,288,345; Bailey et al.. United States Patent No. 3,336.239; Ashby, United States 

IS Patent No. 4.421,903; Lamoreaux, United States Patent No. 3.220.972; and Lewis. United States Patent No. 
4.946.818. See also. J. Organometallic Chem. 408 (1991) pp. 297-304. A preferred catalyst for use In the pres- 
ent invention comprises tris(dibutylsulf ide) rhodium trichloride. 

The lactam modified siloxanes are then reacted In a hydrolysis reaction according to techniques known 
to those skilled in the art. Typically, the hydrolysis reactton is conducted in the presence of an acid, such as 

20 dilute sulfuric acid. However, other acids may be employed. The hydrolysis reaction acts to open the amine 
ring structure to give the corresponding acid. The product is an amino acid functionalized slloxane. 

The oiganofuncttonal siloxanes of the present invention may be branched (T or Q), linear (D) or cydlc ((Dy. 
They are of the general formulae: (I) TDxM'3; (11) TDxD'yM'3;(lii) TD'yi^'s; (iv) TDxD'yMa; (v) JD\Mz; (vi) M'DxDVM'; 
(vil) M'DxM'; (viii) MD'yM; (ix) MDxD'yM; (x) M'D'yM*; (xi) M'Q; (xii) (D')^; or (xiii) a combination of any of the fore- 

25 going, in preferred embodiments, x and y are each independently greater than about 1 . preferably each inde- 
pendently ranges from about 1 to about 1000, and tnore preferably each ranges from about 1 to about 100. In 
the case of cydics, z is typically equal to or greater than about 3 and preferably varies from about 4 to about 
12. 

in the above formulae, each R Independently represents a saturated or unsaturated monovalent hydro- 
30 carbon, typically containing no more than six carbon atoms and selected from those such as alkyi radicals, 
e.g., methyl, ethyl and isopropyl; cycloallphatic radicals, e.g., cydopentyl and cyclohexenyl; oiefinto radicals, 
e.g., vinyl and allyl; and the phenyl radical. 

Ri represents a carboxyalkyi aminoalkyi group of theft)rmula (H02C)(CH2)mN(R2)(CH2)n where R2 repre- 
sents hydrogen or an alkyi group of from 1 to 10 carbon atoms, and m and n each independently vary from 1 
35 to 10. In preferred embodiments, R^ Is selected from N-(3-carboxypropyl)-aminoethyi; N-(3-carboxybutyl)aml- 
noethyl; N-(3-carboxymethyl)aminopentyl and the like. Particularly usefrjl In the practice of the present inven- 
tion is N-(3-carboxypropyl)amlnoethyl. 

The following reaction scheme deptets the general reaction route for linear materials reacted with n-vlnyl 
pyrrolidone. 
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The amino acid functionalized siloxanes of the present invention have uses in a wide variety of personal 
care and plastics applications, including but not limited to use as plastic additives, hydraulic fluids, vibration 
damping, release agents, antifoamers, dielectric media, water repellents, surfactants, greases, coagulants, 
cosmetic and health product additives, heat transfer media, polishes, lubricants, etc. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples illustrate the present invention. They are not to be construed to limit the scope of 
the appended claims in any manner whatsoever. 

EXAMPLE 1 

25.8 g of n-vinyl pyrrolidone and 119 g of toluene were azeotroped for 1.5 hours. The temperature was 
cooled to 100*'C and one drop of tris(dibutylsulf ide) rhodium trichloride catalyst was added. 106.1 gof a branch- 
ed siloxane of the general formula TDibM"3, where M" represents a dimethyl hydride siloxane of the formula 
(CH3)2HSiOi/2 is then slowly added. After the addition, the reaction was maintained at reflux. After one hour, 
an infrared spectrum indicated that the hydride was still present Two more drops of the catalyst were then 
added until the hydride band had disappeared. The Infrared spectroscopy of this solution indicated that the 
alkene had disappeared and that the carbonyl had shifted to 1684 cnrr^ 

Five grams of a dilute sulfuric acM solution were then added to the mbcture. Whfle refluxing, a black solM 
deposited on the glass surface. After 2.5 hours, another 20 g of water was added and the entire mbcture was 
allowed to stir for one more hour. The liquids were removed under vacuum to afford an amino acid functional 
siloxane oO of the present invention whteh had a broad carbonyl band between 1736 cm-^ and 1619 cm-^ 

EXAMPLE 2 

49.2 g of M^MH siloxane and 189 g of toluene were azeotroped. Three drops of the tris(dibutylsulf ide) rho- 
dium trichloride catalyst were then added followed by the slow addition of 81.4 g of n-vlnyl pyrrolidone. The 
mixture was allowed to stir for 3 hours at 100*C whereupon 10 more drops of the catalyst were added due to 
Indication that the reaction had not proceeded. Within an hour, infrared spectroscopy indicated the reaction 
was complete. A small portion of this solution was removed, filtered through celite and rotoevaporated using 
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a vacuum pump to isolate the n-vinyl pyrrolldone adduct. 32.5 g of ol! was Isolated. IR 1684 cm-^; NMR CDCI3 
standard: 0,05 ppm s.s 12H (Me-Si), 1.09 m 4H (CHa-Si). 2.00 m 4H (CHJ. 2.25 m 4H (CHj), 3.27 m 4H (CHj- 
N). 3.41 m4H (CHz-N). The NMR assignments are based on the alpha-alpha adduct and comparison of spectra 
of various sut)stituted pyrrolidones. See. Bovey, F.A., "NMR Data Tables for Organic Compounds", Intersclence 

5 Publishers. 1967. V.1. 

To the remainder of the mixture, was added 40 ml of water which contained 4 drops of sulfuric acid. The 
mixture was heated at 90°C for one hour and then allowed to cool. The mixture was then extracted with toluene, 
the organic layer subsequently being dried over sodium sulfate and rotoevaporated to afford 67 g of an amino 
add functionalized siloxane oil of the present Invention. IR 1678 cnr^ broad. NMR CDCI3 standard: 0.00 ppm 

10 8,s 12H (CHs-Si); 1.02 m 4H (CHz-Si), 1.82 m 4H. 2.19 m 4H. 3.25 m 4H and 3.36 m 4H. 

The above-mentioned patents and publications are all hereby Incorporated by reference. 
Many variations of the present invention will suggest themselves to those skilled in the art In light of the 
above-detailed description. Other siloxanes may be employed In the present invention, including TDxO'yM'a. 
TD'yM'3. TDxDVMa, TDVM3, M'DxM*. MD'yM. MDxD'yM. M'D'yM'. M*Q and (D*)^ may all be employed In the pres- 

is ent invention. Further, a wide variety of lactams other than n-vlnyl pyrrolidone are contemplated for use in the 
present invention. All such obvious modifications are within the full intended scope of the appended claims. 
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Claims 



1. An organofunctional silicone composition comprising those of the formula: 

(DTDxM'a; 

(ii) TDxD'yM'a; 

(ili) TD yM*3; 
25 (iv) TD^D'yMa; 

MTD'yMj; 

(vi) M'DxDVM'; 

(vil) M'DxM': 

(viii) MD'yM;' 
30 (ix) MDxD'yM; 

(X) M'D'yM'; 

(xi) M'Q; 

(xii) (D'),;or 

(xlil) a combination of any of the foregoing wherein T represents a trifunctional slloxy group of the for- 
35 mula RSiOaa wherein R represents independently a saturated or unsaturated nnonovalent hydrocarbon 

radical; D represents a difunctional slloxy group of the formula R2SI02« wherein each R is Indepen- 
dently defined as above; D' represents a difunctional slloxy group of the formula RRiSi02a wherein 
each R Is independently defined as above. R^ represents a cartjoxyaikyi aminoaikyi group of the for- 
mula (H02C)(CH2)mN(R2)(CH2)n where R2 represents hydrogen or an alkyl group of from 1 to about 10 
40 carbon atoms, and m and n each independently vary from 1 to about 1 0; M represents a monofunctional 

siloxy group of the formula RsSiOi^ wherein each R is independently defined as above; M* represents 
a monofunctional siloxy group of the formula R2R^SiOt/2 wherein each R is independently defined as 
above and R^ is as above defined; Q represents a quadrifu notional siloxy of the formula 8104^; x is 
greater than 1 , y is greater than 1 and z is equal to or greater than 3. 



2. An organofunctional silicone compositton as defined In Claim 1 wherein R is methyl. 

3. An organofunctional silicone composition as defined in Claim 1 or aalm 2 wherein each R2 is indepen- 
dently ethyl or hydrogen. 

4. An organofunctional silicone composition as defined in any preceding claim wherein x ranges from 1 to 
about 1000. 

5. An organofunctional silicone composition as defined in any preceding daim wherein y ranges firom 1 to 
about 1000. 

6. A method of preparing an organofunctional silicone composition comprising units of the formula 

(i)TD,M'3; 
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(10 TD^DVM'a; 
(Hi) TD'yM'a; 
(lv)TDxD'yM3; 
(v)TD'yM3: 
(vl) M-DxD'yM'; 

(vli)M*D,M*; ' 
(vllQMD'yM; J' 

(ix) MDxD'yM; 

(x) M'D'yM*; rV . ' 

(xi) M'Q; i ; 
(xil)(D-),;or A. ' 

(xiii) a combination of any of the foregoing wherein T represents a trifunctional siloxy group of the for- 
mula RSI03/2 wherein R represents Independently a saturated or unsaturated nrK>novalent hydrocarbon 
radicai; D represents a difiinctionai siloxy group of the formuia R2Si02a wherein each R is indepen- 
dently defined as above; D* represents a difunctionai siloxy group of the formuia RRiSi02« wherein 
each R Is independently defined as above, R^ represents a carboxyalkyi aminoaikyl group of the for- 
mula (H02C)(CH2)mN(R2)(CH2)n whore R* represents hydrogen or an alkyi group of from 1 to about 10 
carbon atoms, and m and n each Independently vary from 1 to about 1 0; M represents a monofunctional 
siloxy group of the formula R3SiOi/2 wherein each R Is independently defined as above; M' represents 
a monofunctional siloxy group of the formula R2R^SiOi/2 wherein each R is independently defined as 
above and R^ is as above defined; Q represents a quadrifunctlonat siloxy of the formula SIO4/2; x Is 
greater than 1 , y Is greater than 1 and z Is equal to or greater than 3; 
comprising the steps of: 

(a) hydrosllating a silicone hydride compound with a lactam to form an amide functionallzed silicone; 
and 

(b) hydroiyzlng the amide functionallzed silicone of step (a) to produce an amino add functionallzed 
silicone. 

A process as defined in Claim 6 wherein said silicone hydride is selected from TDxM'a; TDKD"yM"3; 
TD"yM"3; TDxD"yM3; TD'^Ma; M"DxD"yM"; M"DxM"; MD"yM; MDxD"yM; M"D"yM"; M"Q; (D")^; or combin- 
ations of any of the foregoing where M" is a monofunctional siloxy hydride of the formula (R)2(H)SiOi/2; 
D is a difunctionai siloxy hydride of the formula (R)(H)Si02a and T. D, IS/I. Q. R. x. y. and z are as defined 
above. 

A process as defined in Claim 6 or Qalm 7 wherein said lactam has the general formula 



wherein R^ is an alkenyl group of from 2 to 10 carbon atoms and q Is an Integer ranging from 1 to about 
10. 

A process as defined in any one of Claims 6 to 8 wherein the hydrosllating step (a) Is carried out with a 
catalyst selected from a rhodium catalyst or a platinum catalyst 

A process as defined in any one of Claims 6 to 9 wherein the hydrolyzing step (b) is carried out with a 
dilute sulfuric acid. 
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